
2,728,302 W. FERRIS 

OF SHOCKS AND NOISE IN POWER PUMPS 

Dec. 27, 1955 

BY 

y AT TORNEY 

O C 

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Dec. 27, 1955 WW. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, 195l 3 Sheets-Sheet 2 

WYS 

INVENTOR. 
WALTER FERRS 

A TORNY 

  



Dec. 27, 1955 A. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, 195l 8 Sheets-Sheet 3 

! o 

N 

N 

INVENTOR. 
WALTER FERRS 

  

  

  

  

  

      

  

  

    

  

  

  

    

    

    

  

  

  

  



Dec. 27, 1955 W. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, 195l 8 Sheets-Sheet 4 

A · TTA ???? A 

5 ???? ?? ZZZZZZZZ 

NNNNNNNNNNNN 

49 

?-? ZA 7/ 24 

N2 9 
4 26 INVENTOR. 

WALTER FERR IS 

AT TORNEY 

  

  

  

  



Dec. 27, 1955 W. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, l95l 8 Sheets-Sheet 5 

INVENTOR, 
5 WALTER FERRS 

  

  

  

  

  

  

  



Dec. 27, 1955 W. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, 195l 8 Sheets-Sheet 6 

FG. 11 

2 2 

Y 

INVENTOR, 
WALTER FERRS 

ATTORNEY 

  

  

  

  

  

  

  

  

  

    

  

  

  



2,728,302 W. FERRIS Dec. 27, 1955 

tzl (I)GI ?| 21 

WALTER FERRS 

(~~~~)^   

  

  

  

    

  



Dec. 27, 1955 W. FERRS 2,728,302 
REDUCTION OF SHOCKS AND NOISE IN POWER PUMPS 

Filed April 5, 195l 8 Sheets-Sheet 8 

5O 33 

INVENTOR, 
WALTER FERRS 

ATTORNEY 

  

  

    

  

  

  

  

    

      

    

  



United States Patent Office 2,728,302 
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2,728,382 
REDUCTION OF SHOCKS AND NOSE IN 

PWER PUMPS 

Walter Ferris, Milwaukee, Wis., assignor ite The ????r 
Company, Milwaukee, Wis., a corparation of is consin 

Application April 5, 1951, Serial No. 29,355 
18 Ciainaas. (Cl. 3{03—16i) 

This invention relates to pumps of the expansible 
chamber type which are employed to pump liquid at 

() 
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pressures high enough to perform useful work and which 
are provided with means for reducing the shocks and the 
noise resulting from the high pressure, such as the pump 
shown in Patent No. 2,661,695. 
A pump of this type includes at least one intake port 

for connection to a supply of liquid, at least one dis 
charge port which is spaced from the intake port and is 
adapted to be connected to an external circuit, a plurality 
of pump chambers each of which registers with an intake 
port and a discharge port alternately during operation of 
the pump, and means to increase the capacity of each 
chamber while it is in registry with the intake port and to 
decrease the capacity of each chamber while it is in reg 
istry with the discharge port to thereby cause liquid to 
flow from the intake port into each chamber in registry 
therewith and liquid to be expelled into the discharge 
port from each chamber in registry therewith. 
When the liquid discharged by the pump is required to 

do useful work such as energizing a motor, the liquid 
expelled from the chambers into the discharge port causes 
pressure to rise therein but the liquid in the chambers 
which are not in registry with the discharge port is under 
a low or negative pressure and very often it contains 
entrained gas. Consequently, when a chamber opens to 
the discharge port, the pressure in the discharge port 
causes the liquid to rush therefrom into that chamber and 
compress the liquid and entrained gas therein until the 
pressure in that chamber is the same as the pressure in 
the discharge port. This sudden backflow of liquid from 
the discharge port into the chamber causes a shock and 
a resultant noise and, if the pump is creating a high 
pressure, the shocks and noise are of considerable magnitude. 
The present invention has as an object to reduce the 

shocks and noise inherent in pumps of this type. 
Another object is to prevent any shock or noise due to 

backflow of liquid from the discharge port into the pumping chambers. 
A pump embodying the invention has the advantage 

that it will operate more quietly than a prior pump of 
the same type and with increased efficiency. 
In certain types of pumps, cylinders are arranged in 

a rotatable cylinder barrel having a flat valve seat upon 
an end thereof, a flat faced valve engages the valve seat 
and is provided with at least one intake port and at least 
one discharge port, and each cylinder communicates with 
an intake port and with a discharge port alternately during 
rotation of the cylinder barrel. When the pump creates 
pressure, the pressure in the discharge port and in the 
lubricating film between the valve and the valve seat 
exerts upon the valve seat a force which tends to move 
the cylinder barrel away from the valve. 
Another object of the present invention is to provide a 

pump with means which will prevent shocks and noise 
due to backflow of liquid from the discharge port into 
the pumping chamber and will also cause a force to be 
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exerted upon the cylinder barrel in opposition to the 
force which tends to move the cylinder barrel away from the valve. 

Other objects and advantages will appear from the 
description hereinafter given of pumps to which the inven 
tion has been applied. . . . 
According to the invention in its principal aspect, the 

fluid in each pumping chamber is compressed to a pres 
sure at least as great as the pressure in the discharge port 
before that chamber opens to the discharge port. 

According to the invention in another aspect, a pump 
has a main valve in engagement with an end of the rotor 
cr block which contains the pumping chambers, the main 
valve has intake and discharge ports formed therein for 
the main flow of liquid to and from the chambers, an 
auxiliary valve engages the rotor or block in opposition 
to the main valve and is provided with an auxiliary 
discharge port which is connected to the discharge 
port in the main valve, each chamber is adapted to 
communicate with the auxiliary discharge port through 
a check valve, and the main discharge port is so located that each chamber can communicate therewith only after 
the chamber has been contracted a predetermined amount 
so that any liquid expelled from a chamber during the 
first part of contraction thereof must be expelled through 
a check valve into the auxiliary discharge port at which 
time the check valve is urged toward its closed position by the pressure in the discharge ports. 
For the purpose of illustration, the invention will be explained as applied to radial type piston pumps and to an 

axial pump of the angle type but the invention is not 
limited to those particular types of pumps. . . . . . . . 
The invention is exemplified by the pumps illustrated 

in the accompanying drawings in which the views are as follows: 
Fig. 1 is a longitudinal vertical section through a ra 

dial piston flat valve pump to which the invention has 
been applied. - ... w 

Fig. 2 is a transverse section taken on the line 2-2 
of Fig. 1. . . . 

Fig. 3 is a transverse section taken on the line 3-3 of Fig. 1. '. 
Fig. 4 is a transverse section taken on the line 4-4 

of Fig. 1. .?? . •? ? • ? 

Fig. 5 is a face view of the main valve which controls 
the greater part of the flow of liquid to and from the 
pumping cylinders, the view being taken on the line 
5-5 of Fig. 1 but drawn to a larger scale. . . . . 

Fig. 6 is a face view of an auxiliary valve through 
which liquid is discharged from the pumping cylinders 
during the first part of the instroke of each piston, the 
view being taken on the line 6-6 of Fig. 1 but drawn 
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to a larger scale. . . . . . . . . . . . 

Fig. 7 is a sectional view of the main valve and parts 
adjacent thereto, the view being taken on the line 7.7 
of Fig. 5. - . ? 

Fig. 8 is a section taken through the main valve on 
the line 8-8 of Fig. 7. . 

Fig. 9 is a longitudinal section through a check valve 
which controls the flow of liquid from a pumping cyl 
inder into the auxiliary valve, the view being taken in the 
satile plane as Fig. 1 but drawn to a larger scale. 

Fig. 10 is a diagram of the hydraulic circuit of the pump. 

Fig.11 is a top plan view of an angle type axial pump 
to which the invention has been applied, a part of the 
pump casing being broken away to expose the cradle and 
the trunnions. . 

Fig. 12 is a transverse section taken on the line 12-2 
of Fig. 11 but drawn to a larger scale, the plane of the 
view being indicated also by the line 12-12 of Fig. 13. 

Fig. 13 is a longitudinal section taken on the irregu 



2,728,802 
3 

lar line 13-13 of Fig. 12 but drawn to a larger scale, 
certain parts being broken away or omitted in order to 
show the view on as large a scale as possible. 

Fig. 14 is a face view of the main valve through which 
the greater part of the liquid flows to and from the 
pumping cylinders, the view being taken in the plane of 
line 4-14 of Fig. 13 but drawn to the same scale as 
Fig. 12. 

Fig. 15 is a face view of an auxiliary valve through 
which liquid is discharged from each pumping cylinder 
during the first part of the instroke of the piston in that 
cylinder, the view being taken in the plane of line 15-15 
of Fig. 13 but drawn to the same scale as Fig. 12. 

Fig. 16 is a transverse section through a pintle type 
radial piston pump to which the invention has been 
applied, the plane of the view being indicated by the line 
16-16 of Fig. 17. 

Fig. 17 is a sectional plan view taken on the line 
17-17 of Fig. 16 and showing only the central portion 
of the pump. 

Fig. 18 is an enlarged view of the check valve shown 
in Fig. 17 and the parts adjacent thereto. 

Figs. 1-10 
The pump shown in these figures is of the type shown 

in Patent No. 2,484,337 to which reference may be had 
for details of construction. The mechanism of the pump 
is arranged within and carried by a casing 1 which con 
sists of a plurality of parts and in practice has a plurality 
of passages formed therein but, in order to simplify the 
drawings, the casing has been simplified and some of the 
passages have been represented by external channels. 

Power is transmitted to the pump through a drive shaft 
2 which is journaled in a bearing 3 carried by casing 
1. Shaft 2 has the inner portion thereof keyed to or 
otherwise fixed for rotation with a cylinder barrel 4 which 
is rotatably supported by two bearings 5 carried by casing 
1. A piston 6 is fitted in each of a plurality of cylinders 
7 which are formed radially in cylinder barrel 4 and are 
shown arranged in two circular rows with each cylinder 
in one row in axial alinement with a cylinder in the other 
row. Each two cylinders which are in axial alinement 
with each other communicate at the inner ends thereof 
with an axial passage 8 which extends completely through 
cylinder barrel 4. 
The pistons in each row have the outer ends or heads 

thereof in contact with a conical reaction surface 9 
formed upon the inside of an annular thrust member 10 
which is rotatably supported by a roller bearing 11. 
In a constant displacement pump, thrust member 10 ro 
tates upon a fixed axis but it has been shown supported 
by bearing 11 within a displacement varying member or 
slide block 12 which is slidably supported and restrained 
from vertical movement by four roller bearings 13 as 
shown in Fig. 2. 

Slide block 12 has been shown in Fig. 2 as being shift 
able in one direction by a servomotor 14 and in the oppo 
site direction by a large servo-motor 5. Servo-motor 14 
is constantly supplied with liquid at a constant pressure. 
When liquid is supplied to servo-motor 15 at the same 
pressure, it will move slide block 12 toward the right 
in respect to Fig. 2 and, when liquid is permitted to 
escape from servo-motor 15, servo-motor 14 will move 
slide block 12 toward the left. 
When slide block 12 is in its central or neutral position, 

thrust member 10 is concentric with cylinder barrel 4 and 
pump displacement is zero. When slide block 12 is offset 
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toward the right from its neutral position as shown in . 
Fig. 2, thrust member 10 will be eccentric to cylinder 
barrel 4 and, during rotation of cylinder barrel 4 in the 
direction of the arrow, the pistons 6 below the horizon 
tal centerline of cylinder barrel 4 will be forced pro 
gressively inward by thrust member 10 and the pistons 6 
above the horizontal centerline of cylinder barrel 4 will 
be moved progressively outward by centrifugal force. 

70 

4 
In other words, each piston will be forced progressively 

inward as it moves from a horizontal position at the right 
of Fig. 2 to a horizontal position at the left of Fig. 2 and 
then it will be moved progressively outward as it moves 
from a horizontal position at the left of Fig. 2 to a hori 
zontal position at the right of Fig. 2. The horizontal 
centerline may thus be designated as "dead center posi 
tion' for the reason that, when a piston is on the hori 
zontal centerline, it is not moving either inward or out 
ward. 
The outward moving pistons will draw liquid into their 

cylinders from passages 8 and the inward moving pistons 
will expel liquid from their cylinders into passages 8. 
When slide block 12 is offset toward the left from its neu 
tral position in respect to Fig. 2 and cylinder barrel 4 is 
rotated in a direction of the arrow, the pistons 6 above the 
horizontal centerline of cylinder barrel 4 will be forced 
progressively inward by a thrust member 10 and the pis 
tons 6 below the horizontal centerline of cylinder barrel 
4 will be moved progressively outward by centrifugal 
force. 
While the pump has been shown as having two cir 

cular rows of cylinders, it may have only a single cir 
cular row of cylinders in which case only one cylinder 
would communicate with each passage 8, or it may have 
a larger number of circular rows of cylinders in which 
case all of the cylinders in or nearly in axial alinement 
with each other would communicate with the same pas 
sage 8. In fact, it is common practice to provide pumps 
of various volumetric capacities by varying the number 
of circular rows of cylinders in the various pumps. 
A plurality of cylinders which are connected to each 

other, such as by means of a passage 8, are the equivalent 
of and function in the same manner as a single cylinder 
having a cross-sectional area equal to the sum of the cross 
sectional areas of the plurality of cylinders. Therefore, 
the term "cylinder" as used herein is intended to mean 
either a single cylinder or a plurality of cylinders which 
are connected together, and the term "piston' as used 
herein is intended to mean either a single piston or a 
plurality of pistons fitted in cylinders which are con 
nected to each other. 
The flow of liquid to and from cylinders 7 is controlled 

by a non-rotatable main valve 16, which is arranged at 
the left end of cylinder barrel 4, and a non-rotatable 
auxiliary valve 17 which is arranged at the right end of 
cylinder barrel 4. Each of valves 16 and 17 has formed 
in the face thereof crescent shaped intake and discharge 
ports with which passages 8 communicate during rotation 
of rotor 4 as will presently be explained. 
The faces of the valves and the ends of the cylinder 

barrel are made flat and smooth and the faces of the 
valves may engage the ends of the cylinder barrel but the 
pump has been shown as having two flat and smooth wear 
plates 18 and 19 arranged upon opposite ends of cylinder 
barrel 4 and fixed for rotation therewith. In practice, 
wear plates are also attached to the faces of the valves 
but they have not been shown in order to avoid complicat 
ing the drawings. 
Wear plate 18 has formed therein a plurality of holes 

8a, which correspond to and register with the left ends of 
passages 8 and wear plate 19 has formed therein a plu 
rality of holes 8b which correspond to and register with 
the right ends of passages 8. Holes 8a and 8 constitute 
cylinder ports which are adapted to register with the ports 
in the valves 16 and 17 during rotation of cylinder barrel 4. 
The right end of each passage 8 is enlarged and there 

is inserted into the enlarged portion of each passage 8 
a check valve 20 which permits liquid to flow from pas 
sage 8 into auxiliary valve 17 but prevents any flow from 
valve 17 into passage 8. For the purpose of illustration, 
check valve 20 has been shown in Fig. 9 as including an 
annular valve seat 21, which is closely fitted in the left 
end of the enlarged portion of a passage 8, a sleeve 
22 which is closely fitted in the enlarged portion of 
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passage 8 and engages seat 21 and wear plate 19 to hold 
seat 21, in position, a valve 23 which is slidably fitted 
Within sleeve 22 and normally engages seat 21, an annular 
plug 24 which is threaded into the right end of sleeve 22, 
and a spring 25 arranged between valve 23 and plug 25 to 
urge valve 23 against seat 21. Valve 23 has a portion 
thereof adjacent seat 21 reduced in diameter and it has 
an axial bore 26 extending from its right end into com 
munication with a plurality of holes 27 which extend through the wall of the reduced portion. k 
The arrangement is such that valve 23 is normally held 

against seat 21 by spring 25 and by any pressure in port 
8 so that no liquid can flow from port 8b into passage 8 
nor from passage 8 into port 8. But when the pres 
sure in passage 8 exceeds the pressure in port 8b by an 
amount sufficient to overcome the resistance of spring 25, 
it will move valve 23 away from seat 23 and then liquid 
will flow from passage 8 through valve seat 21, holes 27, 
bore 26, the right hand portion of sleeve 22 and plug 24 
into port 8 and thence into the discharge port of 
auxiliary valve 17 as will presently be explained. 
As best shown in Fig. 5, main valve 16 has formed 

in the inner end or face thereof two diametrically op 
posed substantially crescent shaped ports 31 and 32 with 
which each cylinder port 8 communicates alternately 
during rotation of cylinder barrel 4. The adjacent ends 
of ports 3 and 32 are separated from each other by 
portions of the valve face which constitute liquid seals 
or bridges 33 and 34 to prevent a cylinder port 3a from 
communicating with both of valve ports 31 and 32 simul taneously. 

Ports 31 and 32 communicate, respectively; with two 
chambers 35 and 36 (Figs. 7 and 8) which are formed 
in valve 6 and have passages 37 and 38 leading there 
from, respectively, through the outer end of the valve. 
In order to prevent the face of valve 16 from being dis 
torted due to changes in temperature and pressure, a 
plurality of integral ties or struts 39 extend across each 
of ports 31 and 32 and are spaced from the face of the valve. 
Movement of valve 16 away from wear plate 18 is 

prevented by two hold-up motors 40 and two hold-up 
frietors 41 carried by a distributing block 42 which is 
rigidly secured within casing 1. Each hold-up motor 
'40 has its cylinder 43 formed in block 42 below and 
parallel to the centerline of valve ió and each hold-up 
motor 4 has its cylinder 44 formed in block 42 above 
and parallel to that centerline. The four hold-up mo 
tors are identical and each has a tubuilar piston 45 fitted 
in its cylinder and urged by a spring 46 against an an 
nular sealing member 47 which is urged by 'spring 46 against the outer end of valve 16. 
The opening through the sealing member 47 of each 

motor 40 registers with the opening through piston 45 of 
that motor and with a passage 37 and the opening 
through the sealing member 47 of each motor 41 
registers with the opening through the piston 45 of that 
motor and with a passage 38 so that the inner ends of 
the two cylinders 43 communicate freely with chamber 
35 and port 31 in valve 16 and the inner ends of the 
two cylinders 44 communicate freely with the chamber 
36 and port 32 in valve 6. The contacting surfaces 
of valve 16 and members 47 are made flat and smooth 
and the contacting surfaces of members 47 and pistonis 
i85 are made spherical and smooth to provide self alin 
ing liquid tight seals between valve 16 and block 42. 
The arrangement is such that valve 16 is urged against 

wear plate 18 by springs 46 and, when the pump is 
creating pressure, valve 6 is also urged against wear 
plate 18 by the pump pressure acting upon the inner 
ends of pistons 45. 
I The two cylinders 43 of hold-up motors 40 are con 
nected by a passage 48 to each other and to a passage 
49 (Fig. 3) which is formed in casing 1 and is adapted 
to be connected to one side of an external circuit. The 
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6 
two cylinders, 44 of hold-up motors 4 are connected 
by à passage 50 to each other and to a passage 51 which 
is formed in casing and is adapted to be connected 
to the other side of an external circuit. Since the 
pump is reversible, both of passages 49 and 51 are 
adapted to be connected to a source of liquid through a 
suction valve as presently will be explained. 

With the exception of the angular length of the ports, 
auxiliary valve 17 is the same as main valve 16, it is 
restrained from movement away from wear plate 19 by 
four hold-up motors (not shown) which are arranged 
within a distributing block 428 and are identical to and 
arranged in the same relative position as hold-up mo 
tors 40, and 41, and distributing block 42 is similar to 
block 42 and is rigidly secured within the right hand 
portion of casing 1. Consequently, like parts have 
been indicated by like reference numerals with the ex 
ponent “a” added to the numerals applied to valve 17 
and distributing block 42 and only so much of valve 
7 and distributing block 428 has been shown as is neces 

sary to an understanding of the operation of the pump. 
As best shown in Fig. 6, auxiliary valve 17 has Eormed 

in the inner end or face thereof two substantially cres 
cent shaped ports 318 and 32 with which each cylinder 
port 8 communicates alternately during rotation of 
cylinder barrel 4. The adjacent ends of ports 318 and 
32 are separated from each other by portions of the 
valve face which constitute liquid seals or bridges 33a aind 
34 to prevent a cylinder port 8 from communicating 
with both of valve ports 314 and 32 simultaneously. 
Valve 17 also has formed therein two chambers 35 and 
368 (Fig. 1) which are directly behind ports 31, and 
32, respectively, and communicate therewith. 
As best shown in Fig. 4, distributing block 42 has 

two hold-up motor cylinders 43a formed therein below its 
horizontal centerline arid two hold-up motor cylinders 
A4a formed therein above its horizontal centerline. Cyl 
inders 43a and 44 constitute parts of hold-up motors 
(not otherwise shown) which are identical to hold-up 
motors 49 and 41 and function in the same manner. 
Chambers 35a, and 35 in valve 17 communicate, re 
spectively, with cylinders 43 and 44 in the same man 
rier that chambers 35 and 36 in valve 16 communicate with cylinders 43 and 44 as shown in Fig. 7. 
The two cylinders 43i have been shown connected by 

a passage 48 (Fig. 4) to each other and to one end of 
a pipe 52 the other end of which is connected to a passage 
53 (Fig. 3) which communicates with passage 
49, and the two cylinders 44% have been shown con 
nected by a passage 50* (Fig. 4) to each other and to 
one end of a pipe 54 the other end of which is con 
nected to a passage 55 (Fig. 3) which communicates 
with passage 51 but in practice passages 48 and 50 
Iriay be connected to passages 49 and 51, respectively, 
by passages formed in casing 1. , 
The upper ends of passages 49 and 51 are adapted to 

be connected to opposite sides of an external circuit. 
Since the pump is reversible, channels 49 and 51 have 
been shown in Fig. 10 as being adapted to be selectively 
supplied with liquid from a reservoir 56 through a valve 
casing 57 having a valve 58 fitted therein. Casing 57 
'communicates intermediate its ends with a channel 59 
which extends into reservoir 56. Channel 59 has a check 
valve 60 inserted therein and it communicates at a point 
above check valve 60 with a low pressure relief valve 61 
which discharges into reservoir 56. The lower ends of 
passages 49 and 51 communicate with valve casing 57 
at opposite sides of channel 59. Passage 49 is connected 
to one end of casing 57 by a branch channel 49a and 
passage 51 is connected to the other end of casing 57 by a branch channel 51a. 
The arrangement is such that, when valve 58 is in the 

position shown and the pump starts to discharge liquid 
into passage 51, the liquid will tend to flow through chan 
nel 59 into reservoir 56 butchéck valve 60 prevents flow 
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into reservoir 56 except through relief valve 61 the re 
sistance of which causes pump pressure to rise and liquid 
to flow through channel 51a into the right end of casing 
57 and shift valve 58 against the left end of casing 57 in 
which position it blocks the end of passage 51 and un 
covers the end of passage 49 so that the pump cannot 
discharge liquid into reservoir 56 but it can draw liquid 
from reservoir 56 through check valve 60, channel 59, 
valve casing 57 and passage 49. Then when the pump 
is reversed and starts to discharge liquid into passage 49, 
the resistance of relief valve 61 causes pump pressure to 
rise and liquid to flow through channel 49a, into the left 
end of casing 57 and move valve 58 into the position 
shown in which position it prevents the pump from dis 
charging into. reservoir 56 but permits the pump to draw 
liquid from reservoir 56. 
When cylinder barrel 4 is rotated in a direction indi 

cated by the arrow on cylinder barrel 4 in Fig. 2 and 
by the arrow on shaft 2 in Fig. 5 and slide block 12 is 
offset toward the right as shown in Fig. 2, liquid will be 
expelled by pistons 6 from cylinders 7 through valve 
port 31 and associated channels into passage 49 and cyl 
inder 7 will be supplied with liquid through valve port 
32 and associated channels from passage 51. 

In valve 17, the angular length of each of bridges 33a 
and 34 is equal to or only slightly greater than the 
angular length of a port 8. More specifically, each end 
of each of valve ports 31, and 328 is spaced from the 
horizontal centerline 62 of the pump an angular distance 
A which is equal to or only slightly greater than one-half 
the angular length of a cylinder port 8b so that each port 
8P will nove out of communication with one valve port 
just as or just after the piston 6 in the cylinder 7 con 
nected to that port 8 reaches a dead-center position, 
that is when the axis of the piston crosses the horizontal 
centerline, and each port 8 will open to the other waive 
port just as or just after that piston 6 passes its dead 
center position. 

In valve 16, ports 31 and 32 have the trailing ends 
thereof in respect to the direction of rotation of cylinder 
barrel 4 spaced from the horizontal centerline 62 a dis 
tance A which is equal to or slightly greater than one-half 
the angular length of a cylinder port 83 the same as in 
valve 17. But the leading ends of ports 31 and 32 in 
respect to the direction of rotation of cylinder barrel 4 
are spaced from the horizontal centerline such a distance 
B that a cylinder port 8a will not open to a valve port 31 
or 32 until after the piston in the cylinder 7 connected 
to that port 8a has moved far enough beyond its dead 
center position to have been forced into its cylinder a ; 
predetermined distance by thrust member 10. 
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The arrangement is such that, when slide block 12 is . 
shifted to the limit of its movement toward the right as 
shown in Fig. 2 and cylinder barrel 4 is rotated in the 
direction indicated by the arrow thereon and by the large 
arrow on Fig. 10, the pistons above the horizontal center 
line will move progressively outward and will draw liquid 
into their cylinders through passage 51 and port 32 and 
the pistons below the horizontal centerline will be forced 
progressively inward by thrust member 10 and, after 
passing a predetermined point below the horizontal 
centerline, they will eject liquid from their cylinders 
through port 31 into passage 49 as indicated by the small 
arrows associated with passages 49 and 51 in Fig. 10. 
Ports 3 and 31 are thus the high pressure ports and 
ports 32 and 32 are thus the low pressure ports. 
As soon as piston 6 passes below the horizontal center 

line or dead-center position, the port 8b connected to 
the cylinder 7 of that piston will open to valve port 31a. 
but the cylinder port 8 connected to that cylinder will 
not open to port 31 until after that piston has moved a 
predetermined distance below its dead-center position as 
shown. schematically in Fig. 10. As soon as that port 
8 opens to port 31a, the high pressure in port 31a will 
extend through that port 3 into the associated check 
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valve 20 and will assist the spring 25 thereof in holding 
that check valve 20 closed. The piston after moving be 
low its dead-center position will tend to force liquid out 
of its cylinder but it cannot do so until it has created 
therein a pressure which exceeds the pressure in port 31 
by an amount sufficient to overcome the resistance of 
spring 25. Then check valve 20 will open and liquid will 
momentarily flow therethrough and through valve port 
31a, passage 48a and passage 52 into passage 49 as indi 
cated by the small arrows in Fig. 10. 
An instant after the port 8b opens to port 31, the 

associated cylinder port 8 will open to valve port 31 
and then the liquid expelled by the piston from cylinder 
7 will flow through cylinder port 8 into valve port 31 
and the check valve 20 will close. Since the pressure in 
the cylinder is slightly higher than the pressure in port 
31 when port 88 opens to port 31, there will be no back 
flow of liquid from the high pressure port into the cylin 
der and, consequently, no shock nor resultant noise. 

If slide block 12 is shifted to the limit of its movement 
toward the left from its neutral position in respect to Fig. 
2, the pump will function in the above described manner 
except that ports 31 and 31 will be the low pressure ports 
and ports 32 and 32 will be the high pressure ports. 

If the pump is of the constant displacement type, dis 
tance B on bridge 33 is the same as distance A and 
distance B on bridge 34 is such that a passage 8 will start 
to communicate with valve port 31 substantially as soon 
as a piston has moved far enough blow centerline 62 
to create a pressure sufficient to open a check valve 20, 
and the pump will function as explained above. 

If the pump is of the reversible variable displacement 
type as shown, distance B on each of bridges 33 and 34 
is somewhat greater than in a constant displacement 
pump for the reason that, in order to create the same 
pressure, a piston must move through a greater angular 
distance when the pump is at short stroke than when the 
pump is at full stroke. . . . 
The essential feature of this mechanism for silencing 

a pump is that the contents of each cylinder shall be 
compressed substantially to the discharge pressure before 
that cylinder opens to the discharge port. If each cylin 
der contained only solid oil or if the percentage of voids 
or gas in the oil were always the same, and if the piston 
stroke and the discharge pressure were constant, it would 
be possible to compute the angular distance through 
which a piston and cylinder must be rotated from the 
dead-center position to enable the piston to compress the 
contents of the cylinder to the discharge pressure and to 
then make distance B on valve 16 such that the cylinder 
would open to the discharge port at the instant that the 
contents of the cylinder had been compressed to the dis 
charge pressure. But since all of those factors are vari 
able, each distance B on valve 16 is made as great as 
feasible without requiring that the check valves be too 
Jarge for the available spaces and without making either 
valve port too short to function properly as a suction 
port. 
Many tests have shown that, when a properly designed 

pump is operating at full stroke, each cylinder will usu 
ally fill to 98% of capacity during the suction stroke of 
the piston in that cylinder. This indicates that, if each 
piston made 2% of its instroke before its cylinder opened 
to the discharge port, it would compress the contents of 
its cylinder to the discharge pressure and the first part 
of the discharge from that cylinder would pass through 
the check valve connected to that cylinder. When a pump 
is at full stroke, 2% of the instroke of a piston is ef 
fected during rotation of the piston through 11 from the 
dead-center position. When a pump is at quarter stroke, 
rotation of a piston through 23 is required to move the 
piston 2% of its stroke but at short strokes the velocity 
of the liquid through the suction port of the valve is cor 
respondingly less than at full stroke so that the cylinder 
is more nearly filled with liquid and less movement of 
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the piston is required to compress the contents of the 
cylinder to the discharge pressure. •} •(? 

If distance B were so grea: that a passage 8 would not 
open to the discharge port in valve 16 until after the pis 
ton in the cylinder connected to that passage had cre 
ated a pressure high enough to open the check valve 20 
in that passage when the pump was at minimum stroke, each piston would eject liquid from its cylinder through 
a check valve 20 at such a high velocity when the pump 
was at full stroke that large check valves would be re quired. 
Therefore, in a variable displacement pump, distance 

B is such that, when the pump is at an intermediate 
stroke, a passage 8 will open to the discharge port in 
valve 16 as soon as the piston in the cylinder connected 
to that passage has moved far enough beyond centerline 
62 to create a pressure high enough to open the check 
valve 20 in that passage. The pump will function as ex 
plained above at the intermediate stroke and at all strokes 
between intermediate and full stroke. - 
At strokes less than the intermediate stroke, the check 

valves will not open but each piston will create scime 
pressure in its cylinder before its cylinder opens to the 
discharge port in valve 6 so that the back-flow of liquid 
from the discharge port into the cylinder is less than it 
would be if each cylinder opened to the discharge port 
as soon as it passed beyond centerline 62, as is the case 
in the prior pumps, and consequently the shocks and 
inoise are reduced to a minimum when the pump is op 
"erating at a stroke less than the interimediate stroke. 
Also, many pumps never operate at strokes less than 
the intermediate stroke and other pumps operate at short 
stroke only at brief intervals. The result is that in a variable displacement pump embodying the invention the 
shocks and noise are substantially eliminated during all 
or the greater part of the operation of the pump and are 
greatly reduced during the brief intervals that the pump 
operates åt short stroke. 
The pressure in the high pressure port of main valve 

16 and in the lubricating film between valve 6 and wear 
plate 18 exerts a blow-off force which tends to move cyl 
inder barrel 4 toward the right away from valve 16 and, 
if it were not for auxiliary valve 17, means would have 
to be provided to prevent cylinder barrel 4 from being 
moved away from valve 16 by the blow-off force. How 
ever, the pressure in the high pressure port of auxiliary 
valve 7 and in the lubricating fin between valve 17 and 
wear plate 19 exerts a blow-off force which tends to move 
cylinder barrel 4 toward the left away from valve 7. 
The two blow-off forces are in opposition to each other 
and, by having the ports in the two valves and the lands 
around the ports of substantially the Sarine area, the two 
blow-off forces are substantially equal and cylinder bar 
rel 4 is substantially hydrostatically balaiced axially. 
Auxiliary valve 17 thus performs the dual function of 
substantially hydrostatically balancing cylinder barrel 4 
axially and preventing the shocks and noise due tò sud 
den compression of the liquid in thê pümp cylinders. 

Figs. 11–15 
Except for the arrangement of the valve ports and the 

addition of check valves, the pump shown in these fig 
ures is substantially the same as the pump shown in 
Patent No. 2,661,701 to which reference may be had 
for details of construction. Consequently, only so much 
of the pump has been shown as is necessary to an expla 
nation of the invention. 
The mechanism of the pump is arranged within a hous 

ing 71 having two hollow trunnions 72 and 73 fixed in 
its side walls. The pump is adapted to be connected 
to an external circuit by means of two ports which com 
municate through passages in housing 7 with the in 
teriors of trunnions 72 and 73 and which are arranged 
directly under the trunnions so that neither the ports nor the passages appear in the drawings. 
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Trunnions 72 and 73 pivotally support a hollow cradle 
74 comprising an annular body portion, which has two 
integral arms 74 and 74 formed upon opposite sides 
thereof, and an end head 74 rigidly secured to the body 
portion. Arms 14 and 74 are pivoted, respectively, 
upon trunnions 72 and 73 and form fluid tight joints 
therewith. Arm 74a has an internal passage 75 which 
communicates with the interior of trunnion 72 and arm 
74 has an internal passage 76 which communicates with 
the interior of trunnion 73. The rear ends of passages 75 
and 76 communicate; respectively, with two passages 75a 
and 76 which are formed in cradle head 74. 
Cradle head 74 is of substantial thickness and it has 

an integral hub 77 extending from its inner or forward 
face. A horn 78 is rigidly secured in hub 77 and in 
head 74 upon the axis of cradle 74 to rotatably support 
an annular cylinder barrel 79 having an annular cylin 
der head 79a arranged upon its inner end, a bearing 80 
being arranged between cylinder head 798 and horn 78. 

Cylinder barrel 79 has a plurality of cylinders ší 
formed therein around and parallel to its axis of rota 
tion and each cylinder 81 communicates with a passage 
82 which extends through end head 793 and has its rear 
end elongated, as indicated by the dotted oval in Fig. 
14, to form a cylinder port through which liquid flows 
to and from the cylinder. Cylinder barrel 79 and its 
head 79 are ordinarily made as separate parts for con 
venience in manufacturing and the two parts are rigidly 
secured to each other to form a fluid tight joint there 
between. The rear face of end head 798 engages an an 
nular flat valve 83 which extends around hub 77 between 
cylinder head 79 and cradle head 740 to control com 
munication between cylinders 81 and passages 753 and 76 as will presently be explained. 
Each cylinder 8i has a piston 84 fitted therein and 

each piston 84 is connected by a ball and socket joint 85 
to a thrust mimeber 86 fixed to the inner end of a drive shaft 87 which extends through the front wall of housing 
71 for connection to a source of power. 

Rotation is imparted from shaft 87 to cylinder barrel 
79 through a universal joint 88 having the front or driven 
part thereof fixed for rotation with shaft 87 and the 
rear or driving part thereof fixed to the inner part 89 
of an Oldham coupling the outer part 98 of which is 
fixed to the outer end of cylinder barrel 79. A bearing 91 
is arranged between horn 78 and the outer part 90 of the 
Oldhafii coupling so that cylinder barrel 79 is supported 
by bearings 80 and 91 for rotation upon the axis of horn 
78. The rear part of liniversal joint 88 is provided with 
a tail shaft 92 which has its rear end journaled in a bear 
ing 93 arranged within horn 78 and which holds the axis 
of the rear part of universal joint 88 upon the axis of 
cylinder barrel 79. - - 
The arrangement is such that, when shaft 87 is rotated, 

cylinder barrel 79 will be rotated from shaft 87 through 
. . . s.. . . . s r. v . . . 88 and Oldham coupling 89-90. The 

to the axis of shaft 87 and, if the axis of cylinder barrel 
79 is inclined to the axis of thrust member 86 by tilting 
cradle 74 upward or downward, thrust member 86 will re ciprocate pistons 84 in their cylinders during rotation of 
thrust member 86 and cylinder barrel 79 but, if the axis 
of cylinder barrel 79 is coincident with the axis of thrust 
member 86, no reciprocation of pistons 84 will occur. 
During rotation of cylinder barrel 79, each passage 82 

will register successively with two arcuate ports 94 and 
95 (Figs. 13 and 14) which are formed in valve 83 and ex 
tend inward from the contact face thereof. A plurality 
of holes 96 extend rearward from the bottom of port 94 
and an equal number of holes 97 extend rearward from 
the bottom of port 95. Each hole 96 communicates with 
a hold-up motor 98 which is arranged within valve 83 
and each hole 97 communicates with a hold-up motor 99 which is arranged within valve 83. Each hold-up 
motor 98 communicates with a hole i00 which is formed 

  



2,728,802 
11 

in cradle head 74 and communicates with passage 75 
and each hold-up motor 99 communicates with a hole 
101 which is formed in cradle head 74 and communicates 
with passage 76. 

Hold-up motors 98 and 99 are identical and each in 
cludes a cylinder 102 which is formed in valve 83 in aline 
ment with a hole 96 or 97, a hollow piston 103 which is 
fitted in cylinder 102, an annular seating member 104 
which is arranged between piston 103 and cradle head 
74 and is concentric with piston 103 and with a hole 
100 or 101, and a spring 105 which is arranged between 
piston iO3 and the end wall of cylinder i02 to urge valve 
83 against end head 79 and to urge piston 103 against 
sealing member 104 and sealing member 104 against 
cradle head 740. The rear end of sealing member 104 
and the front face of cradle head 740 adjacent hole 100 
or 101 are made flat and smooth and the front end of 
sealing member 104 and the rear end of piston 103 are 
made spherical and smooth to form substantially liquid 
tight joints therebetween. 
The annular inward portion of cylinder head 79 is en 

gaged by an annular auxiliary valve 110 which extends 
around horn 78 and is arranged within the annular body 
portion of cylinder barrel 79. In the particular pump 
shown, auxiliary valve 110 is necessarily smaller in di 
ameter than main valve 83, but if cylinder barrel 79 
were made considerably larger in diameter relatively to 
the diameter of hub 77 so that it could be provided with 
a greater number of cylinders 81 and pistons 84, auxiliary 
valve 110 could be substantially the same size as main 
valve 83. Auxiliary valve 116 has arranged therein a hold-up 
motor 9Sa in the radial plane of each of hold-up motors 
98 in main valve 83 and a hold-up motor 99 in the radial 
plane of each of the hold-up motors 99 in main valve 
83. Hold-up motors 98a and 99a function in the same 
manner as and are identical to hold-up motors 98 and 
99 except that they are necessarily smaller. Therefore a 
description thereof is deemed unnecessary. 
The pistons of hold-up motors 988 and 99a react against 

an annular abutment 111 which is pressed upon horn 78 
within the annular inner wall of cylinder barrel 79 and 
is prevented from moving axially in any suitable manner 
such as by engaging a shoulder on horn 78. Rotation of 
auxiliary valve 110 is prevented by two pins (not shown) 
which are fixed in abutment 11 and extend into valve 
110 with sufficient clearance to permit the rear face of 
valve 110 to adjust itself to the front face of cylinder 
barrel head 79a. 
Abutment 111 has formed therein an arcuate chamber 

112 which communicates with each of hold-up motors 
98a through a hole 113 and an arcuate chamber 114 
which communicates with each of hold-up motors 99. 
through a hole 15. Chamber 112 communicates with 
one end of a passage 116 which extends therefrom radially 
inward through abutment 111 into horn 78, then extends 
rearward through horn 78 and then extends rearward and 
radially outward through horn 78 and cradle head 74 
into communication with passage 75. Likewise, channel 
114 communicates with one end of a passage 17 which 
extends therefrom radially inward through abutment 111 
into horn 78, then extends rearward through horn 78 and 
then extends rearward and radially outward through horn 
78 and cradle head 74 into communication with passage 
768 Auxiliary valve 110 has two arcuate ports 18 and 
119 formed in the rear face thereof, a hole 29 extending 
from the bottom of port 118 into communication with 
each hold-up motor 98 and a hole 121 extending from 
the bottom of port 119 into communication with each 
hold-up motor 99a. Port 118 is thus connected through 
holes 120, hold-up motors 98a, holes 113, chamber 112, 
passages 116 and 75, holes 100, hold-up motors 98 
and holes 96 to port 94 in valve 83. Likewise, port 119 
is connected through holes 21, hold-up motors 99, holes 
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115, chamber 114, passages 117 and 76, holes 101, hold 
up motors 99 and holes 97 to port 95 in valve 83. Conse 
quently, the pressure in port 118 is always the same as the 
pressure in port 94 and the pressure in port 119 is al 
ways the same as the pressure in port 95. 

Liquid is adapted to flow into port 118 or port 119 
through a plurality of passages 122 one of which ex 
tends from each of passages 82 and terminates in a cylin 
der port 123 formed in the front face of cylinder head 79. 
upon the same radius as ports 118 and 119. Each of 
passages 122 has arranged therein a check valve 124 which 
permits liquid to fiow from passage 82 into port 118 or 
119 but prevents flow of liquid from port 118 or 119 into 
passage 82. 

In auxiliary valve 110, the adjacent ends of ports 118 
and 119 are spaced apart an angular distance equal to or 
only slightly greater than the angular length of a cylin 
der port 123 so that during rotation of cylinder barrel 
79 each cylinder port 123 will open to one valve port 
immediately after it moves out of communication with 
the other valve port. Since the pump is of the reversible variable displace 
ment type, ports 94 and 95 in main valve 83 are arranged 
in the same manner as the ports 3i and 32 in the valve 16 
of the pump shown in Figs. 1-10 and for the same reasons. 
That is, the trailing end of each of ports 94 and 95 in re 
spect to the direction of rotation of cylinder barrel 79 
is spaced from the vertical centerline 125 of the pump 
an angular distance A which is equal to or only slightly 
greater than one-half the angular length of the end of a 
passage 82 so that during rotation of cylinder barrel 79 
each passage 82 will have moved out of communication 
with the valve port when it arrives upon the vertical cen 
terline. But the leading ends of ports 94 and 95 in re 
Spect to the direction of rotation of cylinder barrel 79 
are spaced from the vertical centerline such an angular 
distance B that, when the pump is adjusted to a prede 
termined intermediate stroke, a passage 82 will open to 
a valve port only after the cylinder 3 connected to that 
passage has moved far enough beyond the vertical center 
line to cause the piston in that cylinder to create a pres 
Sure high enough to open the check valve 124 connected 
to that cylinder. 
The arrangement is such that, when the pump is ad 

justed to a stroke at least as great as the predetermined 
intermediate stroke, cylinder barrel 79 is rotated in the 
direction of the arrow in Fig. 12 and cradle 74 is tilted 
downward below its horizontal position, the pistons 84 at 
the right of the vertical centerline in respect to Fig. 12 
will be drawn progressively outward and will draw liq 
uid into their cylinders 8i from valve port 95 and the 
pistons 84 at the left of the vertical centerline will be 
forced progressively inward and, after passing a short 
distance beyond the vertical centerline, they will eject 
liquid from their cylinders into valve port 94. 
The instant that a cylinder 81 passes to the right of 

the vertical centerline 125, the cyinder port 123 con 
nected to that cylinder opens to auxiliary port 18, as in 
dicated by the dotted circle in Fig. 15, and the piston 
84 in that cylinder starts to move inward but it cannot 
at that instant eject liquid from the cylinder because the 
passage 82 connected to that cylinder is blocked by the 
face of valve 83, as indicated by the dotted oval in Fig. 
14, and because the pressure in port 118 extended into 
check valve 124 and held it closed the instant that port 
123 opened to the port 118. The piston in that cylinder 
will continue to move inward and it will very quickly 
create a pressure which exceeds the pressure in port i8 
by an amount sufficient to open check valve 124. Then 
the piston will eject liquid from its cylinder through 
passages 82 and 122, check valve 24, cylinder port 123, 
valve port 18, holes 20, hold-up motors 98, holes 113, 
chamber 112 and passage 16 into passage 75 and thence 
into the external circuit. . 
An instant after check valve 24 opens, the passage 82 





2,728,302 
15 

the outer end of bore 154, a valve 157 which is fitted in 
sleeve 155, and a spring 158 which urges valve 157 
against valve seat 153. 

Valve seat 153 has a passage 159 extending radially 
from its central opening into communication with passage 
152 so that the inner end of valve 157 is subjected to any 
pressure prevailing in the cylinder 135 associated there 
with. The portion of valve 157 immediately above valve 
seat 153 is reduced in diameter and a passage 160 extends 
radially inward through the reduced portion and then ex 
tends axially into communication with the chamber con 
taining spring 58 so that any pressure prevailing above 
valve seat 153 will assist spring 58 in holding valve 157 
against seat iS3. The interior of sleeve 155 immediately 
above valve seat 53 communicates with a passage 61 
which extends through sleeve 155, cylinder barrel 134 and 
iner 137. 
The inner end of passage 16 constitutes an auxiliary 

cylinder port which, during rotation of cylinder barrel 
i34, will register momentarily with an auxiliary valve 
port 162 which is formed in pintle 133 and has a hole 
163 extending from the bottom thereof into communica 
tion with one of the passages 149. Valve port 162 
is so iocated that, as soon as a piston 135 moves above a 
horizontal position at the right of Fig. 16, the passage 
161 leading from the check valve connected to the cylinder 
of that piston will open to port 162. 
The arrangement is such that, when a piston 136 

moves above a horizontal position at the right of Fig. 16, 
reaction surface 140 will start to force that piston into its 
cylinder 135 and the passage 161 leading to the check 
valve 151 connected to that cylinder will open to auxiliary 
valve port 162. At that instant the port 144 of that 
cylinder is blocked by bridge 148 and, as soon as passage 
16 opens to port 162, the high pressure in pintle port 
145 extends through passages 150 and 163, port 162 
and passage 16 into check valve 151 and holds it closed. 
Therefore, the piston cannot eject liquid from its cylinder 
until it has created therein a pressure which exceeds the 
pressure in port i45 by an amount sufficient to overcome 
the resistance of spring 158 and the friction of valve 157. 
Then check valve 151 will open and the piston can eject 
liquid from its cylinder through passage 152, check valve 
151, passage 61, auxiliary port 162 and passage 163 into 
passage 149. 
An instant after check valve 151 opens, cylinder port 144 

will open to valve port 145 but there will be no back flow 
of liquid from the valve port into the cylinder and hence 
no resultant shock nor noise because the pressure in the 
cylinder was slightly higher than the pressure in the valve 
port before the cylinder opened to the valve port. 
The invention herein set forth may be modified in var 

ious other ways and applied to other types of pumps 
without departing from the scope of the invention which 
is hereby claimed as follows: 

1. In a pump, the combination of two relatively ro 
tatable members the first of which has a plurality of ex 
pansible and contractible pumping chambers and a main 
passage and an auxiliary passage communicating with 
each chamber and the second of which has valve means 
including a main valve having an intake port and a 
discharge port with which each of said main passages 
communicates alternately during relative rotation of said 
members and an auxiliary valve having an auxiliary port 
which communicates with said discharge port and with 
which said auxiliary passages communicate successively 
during relative rotation of said members, means responsive 
to relative rotation of said members for expanding and 
contracting said chambers alternately to thereby cause 
liquid to be drawn into and discharged from said cham 
bers, and a check valve normally closing each of said aux 
iliary passages, said discharge port and said auxiliary port 
being so located that each of said auxiliary passages will 
communicate with said auxiliary port immediately after 
the chamber connected to that passage starts to contract 
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but the main passage from that chamber will communicate 
with said discharge port only after said chamber has con 
tracted a substantial amount so that the first part of the 
discharge from said chamber must pass through said check 
valve into said auxiliary port while the remaining part 
of the discharge from said chamber may pass freely 
through said main branch into said discharge port. 

2. In a pump, the combination of two relatively ro 
tatable members the first of which has a plurality of ex 
pansible and contractible pumping chambers and a passage 
leading from each chamber and the second of which has 
valve means including a main valve having an intake port 
and a discharge port with which each of said chambers 
communicates alternately during relative rotation of said 
members and an auxiliary valve having an auxiliary port 
which communicates with said discharge port and with 
which said passages communicate successively during rela 
tive rotation of said members, means responsive to rela 
tive rotation of said members for expanding and contract 
ing said chambers alternately to thereby cause liquid to be 
drawn into and discharged from said chambers, and a nor 
mally closed check valve arranged in each of said passages, 
said discharge port and said auxiliary port being so lo 
cated that each passage will communicate with said aux 
iliary port immediately after the chamber connected to 
that passage starts to contract but that chamber will 
communicate with said discharge port only after said 
chamber has contracted a substantial amount So that the 
first part of the discharge from said chamber must pass 
through said check valve into said auxiliary port while 
the remaining part of the discharge from said chamber may 
pass freely into said discharge port. 

3. In a pump, the combination of two relatively ro 
tatable members one of which has a plurality of cylinders 
arranged therein and the other of which is provided with 
waive means for controlling the flow of liquid to and from 
said cylinders and including a main valve having an intake 
port and a discharge port with which each of said cylinders 
communicates alternately during relative rotation of said 
members, said valve means also including an auxiliary 
valve having an auxiliary port which communicates with 
said discharge port, a piston fitted in each of said cylinders, 
means for causing said pistons to move inward and out 
ward alternately during relative rotation of said members, 
said discharge port being so located that each cylinder 
will communicate therewith only after the piston in that 
cylinder has moved inward a substantial distance to create 
pressure in said cylinder, and a normally closed check 
valve associated with each of said cylinders and arranged 
in said cylinder member with its inlet connected to the 
cylinder associated therewith, said cylinder member also 
having formed therein a plurality of passages each of 
which communicates with the outlet of one of said check 
valves and is so located that it communicates with said 
auxiliary port substantially as soon as the piston in the 
cylinder associated with that check valve starts to move 
inward so that the pressure in said discharge port may 
extend into said check valve and hold it closed until the 
pressure in said associated cylinder exceeds the pressure 
in said discharge port. R 

4. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein 
and a cylinder port communicating with each cylinder, 
non-rotatable valve means engaging said cylinder barrel 
to control the flow of liquid to and from said cylinders 
and including a main valve having an intake port and a 
discharge port with which each cylinder port communi 
cates alternately during rotation of said cylinder barrel 
and an auxiliary valve having an auxiliary port communi 
cating with said discharge port, a piston fitted in each of 
said cylinders, means for causing said pistons to move 
inward and outward alternately during rotation of said 
cylinder barrel, said discharge port being so located that 
the port of each cylinder will communicate therewith only 
after the piston in that cylinder has moved a substantial 
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distance inward to create pressure in that cylinder, and 
a normally closed check valve associated with each of 
said cylinders and arranged in said cylinder barrel with 
its inlet connected to the cylinder associated therewith, 
and means for connecting the outlet of each of said check valves to said auxiliary port substantially as soon as the 
piston in the cylinder associated with that check valve 
starts to move inward so that the pressure in said dis 
charge port may extend into said check-valve and hold 
it closed until the pressure in said associated cylinder 
exceeds the pressure in said discharge port. 

5. In a pump, the combination of a rotatable cylinder barrel having a plurality of cylinders arranged therein and 
a cylinder port communicating with each cylinder, non 
rotatable valve means engaging said cylinder barrel" to 
control the flow of liquid to and from said cylinders and 
including a main valve having an intake port and a dis 
charge port with which each cylinder port communicates 
alternately during rotation of said cylinder barrel and an 
auxiliary valve having an auxiliary port which communi 
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cates with said discharge port, a piston fitted in each of 
said cylinders, means for causing said pistons to move 
inward and outward alternately during rotation of said 
cylinder barrel, said discharge port being so located that 
the port of each cylinder will communicate therewith 
only after the piston in that cylinder has moved a sub 
stantial distance inward to create pressure in that cyl 
inder, and a normally closed check valve associated with 
each of said cylinders and arranged in said cylinder barrel 
with its inlet connected to the cylinder associated there 
with, said cylinder member also having formed therein 
a plurality of passages each of which communicates with 
the outlet of one of said check valves and is so located that it communicates with said auxiliary port substantially 
as soon as the piston in the cylinder associated with that 
check valve starts to move inward so that the pressure, in 
said discharge ports may extend into said check valve and 
hold it closed until the pressure in said associated cylinder exceeds the pressure in said discharge port. 

6. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein 
and a piston fitted in each cylinder, means for rotating 
said cylinder barrel, non-rotatable valve means engaging 
said cylinder barrel to control the flow of liquid to...and 
from said cylinders and including a main valve having 
two ports with which each of said cylinders communicates 
alternately during rotation of said cylinder and which 
are arranged upon opposite sides of a centerline passing 
through the axis of said cylinder-barrel, said main valve 
also having bridges between the adjacent ends of said ports 
to provide Seals therebetween, means. operable during ro 
tation of said cylinder barrel for causing each piston after 
it crosses said centerline at one-side...of said-pump to 
move outward and to draw liquid into its cylinder from 
one of said ports which is the intake port and for causing 
each piston after it crosses said centerline at the other 
side of said pump to move inward and to eject liquid 
from its cylinder into the other of said ports, which is 
the discharge port, each of said bridges extending from 
said centerline such a distance in a direction opposite to 
the direction of rotation of said cylinder barrel that each 
cylinder will move out of communication with said intake 
port Substantially the instant the axis of that cylinder 
reaches said centerline and each of said bridges extending 
from said centerline such a distance in the direction of 
rotation of said cylinder barrel that each cylinder will 
open to said discharge port only after it has been rotated 
beyond said:centerline far enough to cause the piston in 
that cylinder to create pressure therein, said valve means 
also including an auxiliary valve having an auxiliary port 
communicating with said discharge port, a normally closed 
check valve associated with each of said cylinders and 
arranged in said cylinder barrel with its inlet connected 
to the cylinder associated therewith and its outlet so 
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located that it will open to said auxiliary port for con 
necting the outlet of each of said check valves to said 
discharge port substantially as soon as the piston in the 
cylinder associated with that check valve starts to move 
inward so that the pressure in said discharge port may 
extend into said check valve and hold it closed until the 
pressure in said associated cylinder exceeds the pressure 
in said discharge port. . . . 

7. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein and 
a piston fitted in each cylinder, means for rotating said 
cylinder barrel, non-rotatable valve means engaging said 
cylinder barrel to control the flow of liquid to, and from 
said cylinders and including a main valve having two 
ports with which each of said cylinders communicates 
alternately during rotation of said cylinder and which 
are arranged upon opposite sides of a centerline passing 
through the axis of said cylinder barrel, said main valve 
also having bridges between the adjacent ends of said ports 
to provide seals therebetween, means operable during ro 
tation of said cylinder barrel for causing each piston after 
it crosses said centerline at one side of said pump to 
move outward and to draw liquid into its' cylinder from 
one of said ports which is the intake port and for causing 
each piston after it crosses said centerline at the other 
side of said pump to move inward and to eject liquid from 
its cylinder into the other of said ports which is the dis 
charge port, said valve means also including an auxiliary 
valve having two auxiliary ports arranged upon opposite 
sides of said centerline and each communicating with the 
main valve port on the same side of said centerline, each 
of said bridges' extending from said centerline such a dis 
tailce in a direction opposite to the direction of rotation 
of said cylinder barrel that each cylinder will move out 
of communication with said intake port substantially the 
instant the axis of that cylinder reaches, said centerline 
and each of said bridges extending from said centerline 
such a distance in the direction of rotation of said cylinder 
barrel that each cylinder will open to said discharge port 
only after it has been rotated beyond said centerline far 
enough to cause the piston in that cylinder to create pres 
Sure therein, and a normally closed check valve associated 
with each of said cylinders and arranged in said cylinder 
barrel with its inlet connected to the cylinder associated 
therewith, said cylinder member also having formed there 
in a plurality of passages each of which communicates 
with the outlet of one of said check valves and is so located 
that it communicates with an auxiliary port, substantially 
as Soon as the piston in the cylinder associated with that 
check valve starts to move inward so that the pressure in 
said discharge port may extend into said check valve and 
hold it closed until the pressure in said associated cylinder exceeds the pressure in said discharge port. 

8. in a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein 
and a piston fitted in each cylinder, means for rotating 
said cylinder barrel, a normally closed check valve asso 
ciated with each of said cylinders and having an inlet con 
nected to the associated cylinder and an outlet leading 
from said check valve, a non-rotatable main valve engag. ing said cylinder barrel and having an intake port, and a 
main discharge port with which each of said cylinders 
communicates alternately during rotation of said cylinder 
barrel, a non-rotatable auxiliary valve engaging said cyl 
inder barrel and having an auxiliary discharge port with 
which the outlets of said check valves communicate suc 
cessively during rotation of said cylinder barrel, and means. 
for . causing said pistons to move inward and outward 
alternately, during rotation of said cylinder barrel, said 
main discharge port being so located that the port of 
each cylinder will communicate therewith only after the 
piston in that cylinder has moved inward far enough to 
create pressure in that cylinder and said auxiliary dis 
charge port being so located that the outlet of each of 
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said check valves will open thereto substantially as soon 
as the piston in the cylinder associated with that check 
valve starts to move inward so that the pressure in said 
discharge ports may extend into said check valve and 
hold it closed until the pressure in said associated cylinder 
exceeds the pressure in said discharge port and then said 
piston may eject liquid from that cylinder into said aux 
iliary discharge port. 

9. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein 
and a piston fitted in each cylinder, means for rotating 
said cylinder barrel, a main valve seat arranged upon said 
cylinder barrel normal to the axis thereof and having 
formed therein a plurality of cylinder ports each of which 
communicates with one of said cylinders, an auxiliary 
valve seat arranged upon said cylinder barrel in opposi 
tion to said main valve, a normally closed check valve 
associated with each of said cylinders and arranged in 
said cylinder barrel and having an inlet which is con 
nected to the associated cylinder and an outlet which ex 
tends through said auxiliary valve seat, a non-rotatable 
main valve engaging said main valve seat and having an 
intake port and a main discharge port with which each 
of said cylinder ports communicates alternately during 
rotation of said cylinder barrel and which are arranged 
upon opposite sides of a centerline passing through the 
axis of said cylinder barrel, a non-rotatable auxiliary 
valve engaging said auxiliary valve seat in opposition to 
said main valve and having an auxiliary discharge port 
with which the outlets of said check valves communicate 
successively during rotation of said cylinder barrel and 
which is arranged upon the same side of said centerline 
as said main discharge port, means for connecting said 
auxiliary discharge port to said main discharge port, and 
means for causing said pistons to move inward and out 
ward alternately during rotation of said cylinder barrel, 
said main discharge port being so located that the port of 
each cylinder will communicate therewith only after the 
piston in that cylinder has moved inward far enough to 
create pressure in that cylinder, and said auxiliary dis 
charge port being so located that the outlet of each of 
said check valves will open thereto substantially as soon 
as the piston in the cylinder associated with that check 
valve starts to move inward so that the pressure in said 
discharge ports may extend into said check valve and 
hold it closed until the pressure in said associated cylin 
der exceeds the pressure in said discharge port and then 
said piston may eject liquid from that cylinder into said 
auxiliary discharge port. 

10. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of cylinders arranged therein 
and a piston fitted in each cylinder, means for rotating 
Said cylinder barrel, a main valve seat arranged upon said 
cylinder barrel normal to the axis thereof and having 
formed therein a plurality of cylinder ports each of which 
communicates with one of said cylinders, an auxiliary 
valve seat arranged upon said cylinder barrel in opposi 
tion to said main valve, a normally closed check valve 
associated with each of said cylinders and arranged in 
said cylinder barrel and having an inlet which is con 
nected to the associated cylinder and an outlet which ex 
tends through said auxiliary valve seat, a non-rotatable 
main valve engaging said main valve seat and having two 
ports with which each of said cylinder ports communi 
cates alternately during rotation of said cylinder barrel 
and which are arranged upon opposite sides of a center 
line passing through the axis of said cylinder barrel, 
means operable during rotation of said cylinder barrel for 
causing each piston after it crosses said centerline at one 
side of said pump to move outward and to draw liquid 
into its cylinder from one of said valve ports which is 
the intake port and for causing each piston after it crosses 
said centerline at the other side of said pump to move 
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other of said valve ports which is the main discharge 
port, said main valve also having bridges between the 
adjacent ends of said ports to provide seals there 
between, a non-rotatable auxiliary valve engaging said 
auxiliary valve seat in opposition to said main valve and 
having an auxiliary discharge port with which the outlets 
of said check valves communicate successively during ro 
tation of said cylinder barrel and which is arranged upon 
the same side of said centerline as said main discharge 
port, and means for connecting said auxiliary discharge 
port to said main discharge port, each of said bridges 
extending from said centerline such a distance in a direc 
tion opposite to the direction of rotation of said cylinder 
barrel that the port of each cylinder will move out of 
communication with said intake port substantially the 
instant the axis of that cylinder reaches said centerline 
and each of said bridges extending from said centerline 
such a distance in the direction of rotation of said cylin 
der barrel that the port of each cylinder will open to said 
discharge port only after that cylinder has been rotated 
beyond said centerline far enough to cause the piston in 
that cylinder to create pressure therein, and said auxiliary 
discharge port being so located that the outlet of each 
of said check valves will open thereto substantially as 
soon as the piston in the cylinder associated with that 
check valve starts to move inward so that the pressure in 
said discharge ports may extend into said check valve 
and hold it closed until the pressure in said associated 
cylinder exceeds the pressure in said discharge port and 
then said piston may eject liquid from that cylinder into 
saidi auxiliary discharge port. 

11. In a pump, the combination of a valve shaft or 
pintle having an intake port and a discharge port formed 
therein diametrically opposite each other and passages ex 
tending from said ports for connection to an external 
circuit, a rotatable cylinder barrel journaled upon said 
pintle and having a plurality of cylinders arranged therein 
and adapted to communicate with said pintle ports alter 
nately during rotation of said cylinder barrel, a piston 
fitted in each of said cylinders, means responsive to 
rotation of said cylinder barrel for causing each of said 
pistons to move inward and outward as it is rotated from 
and to a dead center position, said discharge port being 
so located that each cylinder will communicate therewith 
only after the piston in that cylinder has been moved in 
ward far enough to create pressure in that cylinder, a 
check valve associated with each cylinder and having an 
inlet connected to the associated cylinder and also having 
an “outlet, and means for connecting the outlet of each 
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check valve to said discharge port substantially as soon as 
the cylinder associated with that check valve passes be 
yond said dead center position so that the pressure in 
said discharge port can enter said check valve and hold 
it closed until the pressure in said associated cylinder ex 
ceeds the pressure in said discharge port. t 

12. In a pump, the combination of a valve shaft or 
pintle having an intake port and a discharge port formed 
therein diametrically opposite each other and passages 
extending from said ports for connection to an external 
circuit, a rotatable cylinder barrel journaled upon said 
pintle and having a plurality of cylinders arranged therein 
and adapted to communicate with said pintle ports alter 
nately during rotation of said cylinder barrel, a piston 
fitted in each of said cylinders, means responsive to ro 
tation of said cylinder barrel for causing each of said 
pistons to move inward and outward as it is rotated from 
and to a dead center position, said discharge port being 
so located that each cylinder will communicate therewith 
only after the piston in that cylinder has been moved in 
ward far enough to create pressure in that cylinder, and a 
check valve associated with each cylinder and having an 
inlet connected to the associated cylinder and also having 
an outlet, said pintle also having formed therein an aux 

inward and to eject liquid from its cylinder into the 75 iliary port which is connected to said discharge port and 
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is...so located that the outlet of each-check-valve will 
communicatetherewith 'substantially assoon East thië*Gyl 
inder associated with that check valve passes beyond said 
dead center position so that the pressure in said discharge 
port can enter said check valve and hold it closed until 
the pressure in said associated cylinder exceeds the pres 
sure in said discharge port. . . . . . 

13. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of main cylinder ports and a 
plurality of auxiliary cylinder ports, a plurality of cylin 
ders arranged in said cylinder barrel with each cylinder 
communicating with one of said main cylinder ports and 
with one of said auxiliary ports, a check valve arranged 
between each of said auxiliary ports and the cylinder com 
municating therewith, a piston arranged in each of said 
cylinders, means responsive to rotation of said cylinder 
barrel for moving said pistons successively inward from 
a first dead center position and for permitting said pistons 
to move successively outward from a second dead center 
position, means for reversing the movements of said pis 
tons, a main valve engaging said cylinder barrel and 
having two main valve ports with which each of said 
Imain cylinder ports communicates alternately during ro 
tation of said cylinder barrel, means for connecting said 
main valve ports to opposite sides of a hydraulic circuit, 
an auxiliary valve engaging said cylinder barrel and hav 
ing two auxiliary valve ports with which each of said 
auxiliary cylinder ports communicates alternately during 
rotation of said cylinder barrel, and means for connecting 
said auxiliary valve ports to opposite sides of said circuit, 
said auxiliary valve ports having the leading ends thereof 
so located that each auxiliary cylinder port will com 
municate with an auxiliary valve port immediately after 
the piston in the cylinder communicating with that aux 
iliary cylinder port starts to move inward form a dead 
center position and said main valve ports having the lead 
ing ends thereof so located that each main cylinder port 
will communicate with a main valve port only after the 
piston in the cylinder communicating with that main valve 
port has moved inward a substantial distance from a dead center position. 

14. A combination as set forth in claim 13 in which 
said main valve and said auxiliary valve engage said cyl 
inder barrel in opposition to each other. 

15. In a pump, the combination of a rotatable cylinder 
barrel having a plurality of axial passages extending 
therethrough, a plurality of pistons and cylinders arranged 
radially in said cylinder barrel with each of said cylinders 
communicating with one of said passages, means respon 
sive to rotation of said cylinder barrel for moving said 
pistons successively inward from a first dead center posi 
tion and for permitting said pistons to move successively 
outward from a second dead center position, a main valve 
engaging one end of said cylinder barrel and having a 
discharge port and an intake port with which one end of 
each of said passages communicates alternately during 
rotation of said cylinder barrel, means for connecting said 
discharge port and said intake port to the pressure and 
return sides respectively of a hydraulic circuit, an aux 
iliary valve engaging the other end of said cylinder barrel 
and having an auxiliary port with which the other ends 
of said passages communicate successively during rota 
tion of said cylinder barrel, means for connecting said 
auxiliary port to the pressure side of said circuit, and a 
check valve arranged in each of said passages to prevent 
flow of liquid into said cylinders from said auxiliary 
port, said auxiliary port having the leading end thereof 
so located that each of said passages will communicate 
therewith immediately after the piston in the cylinder 
communicating with that passage starts to move inward 
from a dead center position and said discharge port hav 
ing the leading end thereof so located that each of said 
passages will communicate therewith only after the piston 
in the cylinder communicating with that passage has 
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moved inward a substantial distance from a dead center positión. 

16. A combination as set forth in claim 15 in which 
said auxiliary valve has two auxiliary valve ports, the 
leading ends of said auxiliary valve parts, are so located 
that each of said passages will communicate with one of 
said auxiliary valve ports, immediately after the piston in 
the cylinder communicating with that passage starts to 
move inward from either of said dead center positions 
and the leading ends of both of the ports in said main 
valve are so located that each of said passages will com 
municate with one of said main valve ports only after 
the piston in the cylinder communicating with that pas 
sage has moved inward a substantial distance from either 
of said dead center positions, and which includes means 
for reversing the movements of said pistons and means 
for connecting said auxiliary valve ports to opposite sides 
of said hydraulic circuit. 

17. In a pump, the combination of a rotatable cyl 
inder barrel having an axial chamber formed therein 
and an end head which extends radially inward beyond 
the wall of said chamber, a main valve seat arranged 
upon the outer end of said end head and having a plu 
rality of main cylinder ports formed therein, an aux 
iliary valve seat arranged upon the portion of said end 
head which extends inward beyond the wall of said 
chamber, said auxiliary valve seat having formed there 
in a plurality of auxiliary cylinder ports equal in num 
ber to said main cylinder ports, a plurality of pistons 
and cylinders arranged in said cylinder barrel with each 
cylinder communicating with one of said main cylinder 
ports and with one of said auxiliary ports, a check valve 
arranged between each of said auxiliary ports and the 
cylinder communicating therewith, means responsive to 
rotation of said cylinder barrel for moving said pistons 
successively inward from a first dead center position and 
for permitting said pistons to move successively outward 
from a second dead center position, a main valve en 
gaging said main valve seat and having a discharge port 
and an intake port with which each of said main cylinder 
ports communicates alternately during rotation of said 
cylinder barrel, means for connecting said discharge port 
and said intake port to the pressure and return sides 
respectively of a hydraulic circuit, an auxiliary valve 
engaging said auxiliary valve seat and having an auxiliary 
valve port with which said auxiliary cylinder ports com 
municte successively during rotation of said cylinder 
barrel, and means for connecting said auxiliary port to 
the pressure side of said circuit, said auxiliary valve 
port having the leading end thereof so located that each 
of said auxiliary cylinder ports will communicate there 
with immediately after the piston in the cylinder com 
municating with that cylinder port starts to move in 
ward from a dead center position and said discharge 
port having the leading end thereof so located that each 
of said main cylinder ports will communicate therewith 
only after the piston in the cylinder communicating with 
that cylinder port has moved inward a substantial dis 
tance from a dead center position. 

18. A combination as set forth in claim 17 in which 
said auxiliary valve has two auxiliary valve ports, the 
leading ends of said auxiliary valve ports are so located 
that each of said auxiliary cylinder ports will communi 
cate with one of said auxiliary valve ports immediately 
after the piston in the cylinder communicating with that 
cylinder port starts to move inward from either of said 
dead center positions and the leading ends of both of 
the ports in said main valve are so located that each of 
said main cylinder ports will communicate with one of 
said main valve ports only after the piston in the cylinder 
communicating with that valve port has moved inward 
a substantial distance from either of said dead, center 
positions, and which includes means for reversing the 
movements of said pistons and means for connecting 
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said auxiliary valve ports to opposite sides of said hy 
draulic circuit. 
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